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Introduction
When considering the impact of inward foreign direct investment on host country productivity, researchers and policy makers generally think about two aspects. The first is the direct effect of foreign ownership, boiling down to the question as to whether affiliates of foreign multinationals in a host country are more productive than comparable domestic firms.
The second aspect is "spillovers", i.e., whether there is any effect from the presence of foreign firms on the productivity of domestic or other foreign-owned firms. These two questions have been pursued in, for the most part, two separate literatures.
One research strand (e.g., Harris and Robinson, 2002 , Girma and Görg, 2007a , Arnold and Javorcik, 2009 ) implements methods from microeconometric programme evaluation to estimate the direct treatment effects for firms receiving the "treatment" of being foreign compared to non-treated domestic firms (without considering "spillovers"). This literature appeals to theoretical models of multinationals, either in the tradition of the knowledge capital model as in Markusen (2001) , or the more recent models of heterogeneous firms (e.g., Helpman et al., 2004) , which assume that foreign owned multinationals have firm specific assets which translate into a productivity advantage. The second research strand (e.g., Aitken and Harrison, 1999 , Haskel et al., 2007 , Keller and Yeaple, 2009 ) looks at indirect effects through productivity "spillovers" (while largely neglecting direct treatment effects). The theoretical intuition is that domestic firms can learn from the presence of foreign multinationals in their vicinity, e.g., because workers move from a foreign firm to a domestic competitor (e.g., Fosfuri et al., 2001 ).
Examining direct effects and spillovers in isolation leads to potentially biased estimates and policy conclusions, however. When evaluating the direct treatment effect of foreign ownership, the econometric approaches assume that the productivity of the control group is independent of foreign ownership -an assumption in contrast with the idea of spillovers. 1 In the "spillovers literature", identification of the effects of foreign ownership at the industry level on domestic firm productivity is problematic because of endogeneity concerns -there are industry or region specific shocks that positively affect domestic firms' productivity and raise the attractiveness of the location for foreign multinationals.
In this paper, we bring the two strands of literature together and propose and implement a unified framework to estimate direct and indirect effects from foreign ownership on firm level productivity which allows for interaction between foreign and domestic, and foreign and foreign firms. Our approach, detailed in the following sections, allows us to estimate consistently a number of different treatment effects. In particular, we can distinguish the direct effect of foreign ownership on the treated firms and two types of indirect effects of the treatment, namely the indirect effects on treated and non-treated firms. These indirect effects, thus, capture externalities or learning effects from foreign firms on other foreign (i.e., treated) or domestic firms (i.e., non-treated). Furthermore, combining the direct and indirect effects we can calculate a total effect of foreign firms on local productivity.
Distinguishing these effects is not only of academic merit but also highly policy relevant, as it allows us to provide much richer and sharper insights on the nexus between foreign ownership, proximity to foreign-owned firms, and firm productivity. Hence, the approach suggested here provides a very useful tool for policymakers to understand better the benefits of encouraging foreign direct investment. 2 We implement our econometric framework using firm level data for Chinese manufacturing. Following, Hudgens and Halloran (2008) our approach to take into account the role of interactions among firms when evaluating the effects of foreign ownership on firms' productivity is to use the proportion of foreign firms within well-defined clusters at the industry-region level. Thus, the potential outcomes depend not only on the firm's treatment status, but also on the fraction of foreign firms in a particular cluster.
Our empirical results show that the direct effect of the treatment on the treated firms is not homogenous across industry-region clusters, but rather differs strongly across such clusters. In particular, we find that the direct effect of foreign-ownership on the treated (i.e.
foreign-owned) firms is positive and increases strongly with the overall level of foreignowned firms in a cluster. This suggests that the standard approach of estimating direct treatment effects, which neglects interactions between firms, fails to uncover potentially important heterogeneity in the effect across clusters.
We also find a consistently negative indirect effect of foreign-ownership on nontreated firms, indicating negative "spillovers" from foreign presence on domestic firms. Also, in contrast to much of the literature on spillovers cited above, our approach shows that the strength of this negative spillover is not constant but differs significantly with the level of foreign ownership in a cluster. Spillovers are more negative with increasing presence of foreign firms up to a threshold of around 40 percent foreign-owned firms, after which they become less negative.
In terms of the indirect impact of foreign ownership on the treated (i.e. the spillovers from the presence of foreign firms on other foreign firms in the same cluster), we also find a negative effect up to a level of 40 percent foreign-owned firms in a cluster. However, after reaching this threshold these effects turn positive. This has important implications for arguments favouring the agglomeration of foreign-owned firms in a cluster, as this shows that the benefits from such agglomerations might only become positive once a certain threshold is reached.
The remainder of the paper is structured as follows. Section 2 presents the theoretical motivation of the paper. Section 3 discusses our identification strategy and introduces the different types of effects we aim to estimate. Section 4 presents the data set that we use to illustrate our arguments, while Section 5 gives a detailed explanation of the empirical implementation of our econometric approach. Section 6 discusses the main findings of the paper, and Section 7 concludes.
Theoretical motivation
In this section we sketch out a simple theoretical framework in order to motivate the empirical analysis. The model is closely related to Guadalupe et al. (2012) (GKT) , who look at the impact of foreign investment on firms' innovation activities in a model of firm heterogeneity. They, however, only look at a direct causal effect of foreign acquisition, implicitly assuming no spillover effects. To capture such spillovers, our theoretical sketch essentially re-interprets their model for a case in which firms' productivity enhancing activities also depend on the presence of other foreign firms in a cluster and the capacity of foreign and domestic firms to absorb spillovers from FDI.
As in GKT we work with a model with heterogeneous firms in a monopolistic competition setting and a CES demand function. Firm i has an initial productivity level of ϕ and it can make a productivity enhancing investment, γ . In GKT this investment is considered to be innovation. We take a broader view and consider this to be any activity that is productivity-increasing at the firm level, and that will lead to a measurable increase in productivity as a result of firm level foreign investment.
Firm i profits are given by
where B = A � 1− � with A being market size and ρ defining the elasticity of substitution between varieties σ = 1 / (1-ρ). 3 For ease of exposition we define i = ( ) −1 and i = ϕ i σ−1 which are transformed measures of productivity-enhancing investments and initial productivity, respectively. Firms must engage in costly investments in order to increase their productivity level. As in GKT we assume that the cost of such investments ( ) include a fixed and a variable component, as follows:
with f denoting a general positive function of without specific assumptions about its functional form.
In GKT, foreign ownership impacts innovation only by affecting the parameters and . We follow their approach and assume that these parameters are positive and lower for foreign (F) than for domestic firms (D): 0 ≤ < and 0 ≤ < . This reflects the foreign multinational's access to better technology, or lower costs of financing, which imply that the firm has lower costs for implementing productivity enhancing investments. We interpret this as the direct effect of foreign ownership on firms' productivity, which we attempt to identify in our empirical analysis.
To capture the indirect effects from other foreign firms, we extend GKT by allowing the variable cost of productivity enhancing investment also to depend on: i) the number of foreign firms in a cluster (N r ), and ii) a firm specific constant, capturing its capacity to absorb spillovers from foreign firms (α i ). The assumption that the cost of productivity enhancing technologies depends on the number of foreign firms (N r ) captures the notion of spillovers.
These are generally expected to be positive due to learning effects. While we do not model the exact underlying mechanism (which we also cannot measure in our data), one reasonable interpretation for such positive effects is worker movements. As discussed by Fosfuri et al. (2001) , domestic workers may be hired by foreign firms (which possess superior technology)
this market size effect in order to be able to focus on the effect we find more relevant, namely, the effects of foreign ownership on the cost of productivity enhancing investments. and then trained to be able to use the up-to-date technology. 4 After a period of training, they may then either remain in the foreign-owned firm or move to a domestic competitor. In the latter case, they take with them some knowledge about technology, which then makes it easier for the domestic firm to implement this new technology. A domestic firm without a foreigntrained worker is not able to do so. Hence, the costs of improving technology are, in this case, lower for the domestic firm with foreign-trained worker than for the domestic firm without.
We assume that the chance of being able to employ such a foreign-trained worker is increasing in the number of foreign-owned firms.
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However, the empirical literature shows that spillovers may also be negative, see for example Aitken and Harrison (1999) . This is generally attributed to competition effects.
Multinationals have lower marginal costs due to some firm-specific advantage, which allows them to attract demand away from domestic firms, thus forcing the domestic firms to reduce production and move up their (given) average cost curve. This leads to lower productivity.
Whether the spillover effect is positive or negative is, hence, an empirical issue.
The second innovation in our model is the inclusion of the firm specific term, α i , which measures the strength with which spillovers affect firm i. This captures the idea that spillover effects may not be uniform across firms but may differ depending on some firm specific characteristic. Görg and Greenaway (2004) , for example, argue that whether a firm benefits from spillovers may depend on its relative backwardness and its capacity for assimilating knowledge. In particular, foreign firms with access to superior technology are likely to benefit more from the presence of other foreign firms in the cluster. To capture the notion of heterogeneity in the spillover effects we allow the parameter α i to be different for domestic and foreign firms. In particular we assume > , indicating the superiority of foreign firms to absorb positive foreign spillovers. We can identify these two different indirect effects on foreign and domestic firms in our empirical work.
Given the operating profits and the cost of improvements in productivity, the value of a firm i is given by
To determine the level of investment in productivity enhancing technology that maximizes the value of the firm we set the first derivative (dV i / d ) equal to zero and obtain
Equation 4 implies that productivity enhancing investment is higher (i) the lower is , (ii) the higher is the spillover effect from the number of foreign firms ( ) and (iii) the higher is initial productivity i . In other words, as in GKT, there is a direct effect of foreign ownership on productivity enhancing investment as foreign firms have lower . Moreover, expanding on GKT, there is also an indirect effect through the number of foreign firms in the cluster ( ) and this indirect effect is different for foreign and domestic firms (which have different ). Finally, the First Order Condition (FOC) given by equation 4 also suggests that initial productivity plays a role for firms' investments in productivity enhancing technology.
An important insight from equation (4) is that the FOC does not separately identify or but only the ratio / . Not taking into account the impact of in an empirical estimation of the direct effect of foreign ownership (due to ) would imply that the estimated direct effect might be biased. Depending on the specific assumption about the expected effect of α i N r it would be either over-or underestimated. In our empirical framework, we can separate these effects and obtain an unbiased estimate of the direct causal effect due to and also estimate the indirect effects of foreign ownership on foreign and domestic firms.
We can also say something about the acquisition decision, which is unlikely to be random. In order to see whether an acquisition is profitable, we can compare the value of a firm (given in equation 3) under foreign and domestic ownership. Specifically, given the different characteristics of firms according to their ownership structure, the difference in value, at the optimal level of investment in new technology τ i * , between a foreign and domestic firm is given by * − * = (
Differentiating this with respect to i yields a positive expression, indicating that the difference in value is increasing in initial productivity.
Hence, the value enhancing benefits from foreign acquisitions are more pronounced for firms with high initial productivity, or, in other words, foreign acquired targets in the host country are likely to be more productive prior to acquisition. This result arises from the assumption that any investment in productivity is more valuable under foreign control. For our empirical implementation this implies that we need to control for initial productivity when attempting to identify the direct effect of foreign ownership, which we do in a propensity score framework.
In our set up we can also look at how the acquisition incentives change with the number of existing foreign firms in the cluster (N r ). The sign of the partial derivative
depends on the sign of the parameters and . For example, in the case where α F > α D > 0 (that is, assuming that foreign firms have relatively higher absorptive capacity) expression 7
is unambiguously positive, indicating that the incremental value of the firm under foreign ownership is increasing in the number of foreign firms in the cluster. Thus, acquisition is more likely in clusters with a high presence of foreign firms. We control for this also in our empirical estimation.
To sum up, our theoretical discussion provides a basis for expecting a positive direct effect of foreign ownership on productivity enhancing investments in a firm. There are also potentially different indirect effects of foreign ownership on foreign and domestic firms, and these need to be taken into account in order to obtain an unbiased estimate of the direct effect.
Furthermore, the acquisition decision is not random, but may be related to firms' initial productivity and the number of foreign firms in a cluster. We now turn to the empirical analysis.
Identification strategy
The estimation of direct and indirect effects of foreign ownership on productivity is rendered difficult because of an important assumption in the commonly used microeconometric approaches for estimating direct effects -the Stable Unit Treatment Value Assumption (SUTVA). This assumption essentially states that an individual outcome does not depend on the treatment status of others. Or, in other words, there are no indirect effects (or spillovers) from all treated individuals on the outcome for an individual. Translated into the specifics of the FDI and productivity debate, the assumption implies that the average productivity of a firm (foreign or domestic) is not influenced by the presence of other treated (i.e., foreign-owned) firms. This assumption is, thus, in direct contrast to the notion of productivity spillovers. This implies that it is likely that SUTVA is violated in studies looking at productivity differences between foreign and domestic firms using standard microeconometric evaluation techniques.
Our approach to estimating consistently direct and indirect effects of foreign ownership is based on recent work in the statistical and econometric literature that has sought to relax SUTVA. 6 According to this literature, treatment externalities (or spillovers) occur when an individual's potential outcome is affected by other individuals' treatment status within a group. The approach we take, following Hudgens and Halloran (2008) , is to use the proportion of treated firms within a group as a measure of interaction between individual firms. 7 The potential outcomes are thus expressed as a function of the firm's treatment status and the fraction of foreign firms in a particular group or cluster.
Suppose we have r=1…R sufficiently heterogeneous economic clusters, which for the purpose of this application we define in terms of broad industry groups and geographical areas as industry-region clusters. A key identifying assumption is the so-called partial interference assumption where SUTVA holds across clusters but not within clusters. In other words, we only allow interactions between firms in the same industry and geographic area.
We use this definition of clusters as it is in line with the finding in much of the empirical 6 Seminal theoretical papers on "causal inference with interactions" include Sobel (2006) ; Rosenbaum (2007) ; Hudgens and Halloran (2008) and Manski (2013) . Building on these works Ferracci et al. (2014) provide a comprehensive study of the impacts of training programmes on unemployment duration in the presence of interactions in the local labour markets. Angelucci and de Giorgi (2009) employ village-level randomisation to assess the indirect impact of cash transfer program in Mexico. 7 The most general (extreme) case of interactions are "unrestricted interactions" between all individuals within a group, in which case potential outcomes are not only functions of the individual's treatment status, but also of all possible combinations of treatments. With unrestricted interactions, calculating the number of potential outcomes might become impracticable if the population size is large. Hence, in order to be able to implement this approach, we follow Hudgens and Halloran (2008) and place some restrictions on the possible interactions.
work that "spillovers" from FDI appear strongest if they happen in the same broad industry and region (e.g., Wakelin, 2007, Xu and Sheng, 2012 
If SUTVA does not hold, one can think of the extreme case of unrestricted interactions between all individuals within a cluster, in which case potential outcomes are not only functions of the individual's treatment status, but also of all 2 combinations of treatments, Following Hudgens and Halloran (2008) , it makes practical sense to think in terms of the distribution of the treatment variable within a cluster, rather than of all possible treatment combinations.
A natural starting point is to consider the proportion of treated firms in the cluster,
The potential outcomes under the two treatment states can then be expressed as a function of the individual's treatment status and :
Now we define the average (across independent clusters) potential outcomes corresponding to the two treatment states as a function of the proportion of treated individuals (i.e. share of firms with foreign ownership in a cluster) as follows:
If � ≠ 0 for any d, then SUTVA would not be supported by the data. This is intuitive as an individual's potential outcomes should be independent of other individuals' treatment status for the assumption of no treatment externalities to hold in the data.
Once the average potential outcomes � are constructed for d=0, 1 and all possible relevant values ∈ [0,1], various treatment effect parameters can be defined and estimated.
Like all causal effect estimators, these are defined as differences between two average potential outcomes. As discussed by Hudgens and Halloran (2008) , four causal treatment effect parameters may be of particular interest:
i. The direct causal effect of the treatment (Equation 11), which compares average potential outcomes for a firm with foreign ownership with the potential outcome for that firm without FDI, keeping the cluster-specific treatment level constant at p (i.e. keeping possible interactions fixed).
ii. The indirect effect on the non-treated (Equation 12), which in this literature is generally referred to as an FDI "spillover" on domestic firms. This estimator is defined as the change in the potential outcome of non-foreign-owned firms resulting from increasing the clusterspecific proportion of foreign firms from 0 to p.
iii. The total treatment effect (Equation 13), which captures the change in the potential outcome of foreign firms when the proportion of foreign firms in the cluster is p > 0 compared to the no-treatment outcome that would occur if p = 0 (i.e., no foreign firms in the cluster).
As shown by Hudgens and Halloran (2008) , the total treatment effect can be decomposed into direct and indirect effects, that is ̅ 0 10 = ̅ 10 + ̅ 0 00 .
iv. The marginal treatment effect on the treated -or indirect effect on the treated-(Equation 14), which measures the marginal change in the potential outcome for foreign-owned firms when the proportion of foreign firms goes from 0 to p (Hudgens and Halloran (2008) . In other words, this captures a "spillover" of FDI activity on foreign-owned firms themselves.
Next we turn to the discussion of the data used in our empirical analysis. 
Data description
9 It is worth noting that the benchmark treatment level in equations (11)- (14) and 2006. Using a relatively naïve difference-in-differences estimator, one would have concluded that the causal effect of foreign ownership is to the tune of 15%.
As discussed in the previous section, our identification strategy invokes the partial interference assumption where firm interaction is freely allowed within well-defined clusters.
In this paper we classify firms into clusters based on 11 geographic areas and 13 broadly defined industries. 12 This gives us 127 clusters, half of which comprise of at least 768 firms. 13 Table 2 reports some summary statistics of cluster level variables. The average proportion of firms with foreign ownership in a cluster is about 21 percent. It is also apparent from the various measures of dispersion given in Table 2 that clusters are quite heterogeneous in terms of average characteristics. Table 3 reports the number of foreign firms and proportion of foreign (treated) firms by cluster. As can be seen, there is substantial heterogeneity across clusters. Furthermore, Table 4 shows that the proportion of foreign firms in a cluster exhibits significant correlation with average cluster-specific characteristics.
The next section discusses the econometric implementation of the approach outlined in Section 3, which proceeds in two steps.
Empirical implementation

Estimation of potential outcomes
In the first step we focus on the estimation of potential or counterfactual outcomes (equation 10) as this is a key ingredient for estimating the treatment effect parameters (equations 11 -14) which are defined as differences between average potential outcomes.
Accordingly, for each of the 127 clusters, we estimate the average potential outcomes � 1 and � 0 under FDI and no FDI scenarios respectively [see equation (10)], where y denotes the outcome variable, labour productivity.
In order to deal with selection and unobserved heterogeneity in this estimation we apply the conditional independence assumption (CIA) as in the propensity-score matching literature (Rubin, 1974) . This involves estimating the propensity of a firm receiving treatment (i.e., being foreign owned) by conditioning the treatment dummy variable (which is equal to one if a firm has foreign ownership and zero otherwise) on a vector of the following pre-treatment firm characteristics: wages (level and growth), productivity (level and growth), size (log of 13 We impose the condition that at least 4% of firms in a cluster should be foreign-invested and the total number of firms should not be less than 100. For this reason we have to leave out 17 clusters from the analysis.
total assets), age, export intensity, and motivated by the theoretical discussion in Section 2, the number of foreign firms in the firm's region. To account for firm-level unobserved heterogeneity, we combine CIA with difference-in-differences (cf., Girma and Görg, 2007b) by considering the change in the outcome variables between post (2006) and pre-treatment (2004) periods. However, for ease of exposition, we maintain the y notation for the outcome variables.
In the empirical implementation we identify the expected individual outcomes per cluster by estimating the outcome equation using inverse propensity-score weighted regression also controlling for the pre-treatment covariates (Hirano, Imbens and Ridder, 2003) . 14 For each cluster, this involves:
a. Generating the propensity-score (ρ) of being treated via a logistic regression with X as covariates. 
c. Finally computing the cluster specific potential outcomes based on the estimated regressions as
Calculating treatment effects
In the second step, we use the estimated cluster-specific potential outcomes to estimate the direct and indirect effects of FDI on firms' productivity in the presence of interaction between firms. To this end, we use the proportion of foreign firms in the cluster as a measure of firms' interactions. Hence, we treat the cluster level average potential outcomes under foreign ownership and no foreign ownership, � 1 and � 0 , (estimated in the first step) as our "outcome" variables and the proportion of foreign firms in each cluster as our (continuous) "treatment" variable. In other words, once the average potential outcomes � are constructed for d=0, 1 and all relevant values the various treatment effect parameters can be estimated. We do this using a causal inference approach for continuous treatments, specifically a generalised propensity score (GPS) technique. This step involves working with cluster level variables and conditioning on the general propensity score for the proportion of foreign firms in a cluster (see Appendix C for details).
Does SUTVA hold?
Before commencing with this estimation we briefly consider the validity of SUTVA in our data. We do so by firstly checking whether there is a correlation between the cluster-specific
ATEs estimated using equations 15 and 16 and the observed proportion of foreign owned firms in the cluster. Figure 1 presents a scatter plot as well as a regression line from a nonparametric regression of the ATE on the proportion of treated firms in the cluster. Taken at face value, this indicates fairly heterogeneous behaviour across treatment clusters, suggesting that SUTVA is unlikely to be satisfied by the data (i.e., a firm's potential outcome is not independent of the treatment level per cluster).
However, as shown in Table 4 , clusters also differ along a line of other characteristics.
Hence, to further test the validity of SUTVA, we investigate more formally the existence of a causal link between potential outcomes and the proportion of foreign firms in a cluster using the GPS approach outlined in Step 2. Our results, presented in Figure C1 (appendix C), show that the potential outcomes (for treated and untreated firms) vary systematically with the treatment level in the cluster, suggesting that SUTVA does not hold.
Hence, the standard PSM approach masks substantial cross cluster heterogeneity, as is obvious from Figures 1 and C1. Our novel approach, as explained in the previous sections, arguably provides a more appropriate way of estimating the causal effect of foreign ownership on productivity. In the next Section we, therefore, turn to calculating the direct, indirect, total and marginal treatment productivity effects (defined in Section 3) by varying the proportion of treated firms in a cluster.
Treatment effects with interactions: main findings
For ease of presentation, we plot the estimated effects along with their 95% confidence intervals. 17 It is apparent from Figure 2 that the proportion of foreign-owned firms in a cluster matters significantly, both statistically and economically.
Our first finding is that the direct average treatment effects, i.e., the productivity premium due to having foreign ownership differs strongly as one varies the proportion of foreign firms in the cluster. While they are positive irrespective of the proportion of foreign firms in the cluster, it is apparent from Figure 2 that the share of foreign firms matters significantly for any conclusion one can draw from the data. This is in line with our 17 The calculation of standard errors is outlined in Appendix C.
motivating discussion in Section 2, where we argue that foreign owned firms have higher investments in productivity enhancing activities and that such investments may be higher (in the presence of positive spillovers) the more prevalent are foreign firms in the cluster
We can see, for example, that the direct effect is smaller for a cluster with a 10 percent share of foreign owned firms than for a cluster with insignificant foreign presence. After the 10 percent mark we see strong increases in the direct effect with increasing proportions of foreign-owned firms. For example, the direct productivity effects of foreign ownership would be 20% and 35% when the proportions of foreign firms in the cluster are 20% and 50%
respectively.
In contrast, we uncover significant negative indirect effects on non-treated (i.e.
domestic owned) firms. In the context of the literature on FDI, we can interpret this as evidence for negative productivity spillovers. This is not unusual in the literature on spillovers, which in many cases finds negative effects of the presence of FDI on productivity of domestic firms (see Görg and Greenaway, 2004) and is generally regarded as indicating negative competition or market-stealing effects from multinationals. Interestingly, we document evidence that this effect varies with the proportion of foreign owned firms; it seems to be most negative around the 40% mark. This is a novel finding, as the literature generally only estimates a constant spillover effect that does not vary with the level of the proportion of foreign owned firms.
From the combination of direct and indirect effect we can calculate the total effect of the treatment. Note that, while these total effects on productivity are uniformly positive, they do not increase monotonically with the share of foreign owned firms. Rather, we find that the total effect declines when the proportion of foreign owned firms in a cluster moves from 0 to about 20. This is due to the negative indirect effects which outweigh the direct effects. Only after reaching this 20 percent threshold do we see further increases in the total effect with increasing shares of foreign firms in the cluster. Still, we find that even though we have strong evidence for negative spillovers (indirect effect), the total effect of the treatment (i.e., foreign ownership) is generally positive.
The non-monotonic relationship between the proportion of foreign firms in a cluster and the total treatment effect is further illustrated when one studies the marginal average treatment effects on the treated. Recall that this gives the marginal change in the potential outcome for treated firms when the proportion of treated firms changes from 0 to p. These marginal effects become increasingly negative up to a threshold of 20 percent. They only start turning positive after the 40% mark. Hence, this result indicates that low proportions of foreign ownership in a cluster are not optimal from the perspective of treated (i.e., foreign owned) firms. Instead, it seems to be the case that a "critical mass" of foreign owned firms in a cluster (with the critical mass point being in the region of 40%) is necessary in order to stimulate productivity in foreign owned firms. This evidence thus suggests that foreign firms thrive in clusters with a high presence of other foreign firms. This is in line with arguments by Lee et al. (2013) , Chen (2009) and Henderson (2003) who find that agglomerations of firms (in particular foreign owned) can be important for firm level productivity and development. Our evidence, however, shows that this is not necessarily a monotonically positive relationship, but that the positive effects only kick in after reaching a certain level of foreign presence in a cluster.
As our results thus far rely on labour productivity as outcome variable, we now provide a robustness check where we measure total factor productivity (TFP) using the Levinsohn and Petrin (2003) methodology. The results are presented in Figure 3 . Note that the patterns of results look very similar to the patterns observed using labour productivity.
The main difference is that the effects based on TFP have turning points at lower percentage shares of foreign firms. For example, we can see that the marginal treatment effects start to pick up at around 10 per cent of foreign owned firms in a cluster and become positive after reaching about 30 percent when using TFP. When using labour productivity, they only become positive after reaching around 40 percent of foreign owned firms in a cluster.
Conclusions
This paper offers a causal analysis of the direct and indirect effects of foreign ownership on firm level productivity of treated (i.e., foreign) and non-treated (i.e., domestic)
firms. The approach we follow in this paper enables us to estimate, in a unified framework, the direct effect of foreign-ownership on the productivity of foreign firms, as well as two types of indirect effects, namely on domestic and foreign firms. These latter two effects provide estimates of "spillovers" from the presence of foreign-owned firms on foreign and domestic firms. Combining direct and indirect effects we can also calculate a total effect of foreign firms. Our approach thus allows us to distinguish between different types of treatment effects, which are not only academically interesting but also highly policy relevant.
Importantly, we provide empirical evidence that not only the direct effects vary systematically with the proportion of foreign firms in the cluster, but also the spillover effects differ strongly across such clusters. Specifically, the analysis shows that for our Chinese data spillovers on domestic firms become more negative with increasing presence of foreigninvested firms up to a threshold of around 40 percent foreign ownership in a cluster. After this threshold they become less negative.
For spillovers on other foreign firms we find that these are negative up to a threshold of 40 percent foreign ownership in a cluster. After this value they turn positive, however.
This latter result provides an important finding for the academic literature and policy debate on the benefits from "agglomerations" of foreign owned firms, showing that these benefits are not uniform but depend strongly on the level of foreign ownership in a well-defined cluster.
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Combining our treatment effects we find a total effect that is positive but initially declines with low shares of foreign firms in a cluster. However, after reaching about 20 percent of foreign firms the total effect increases with increasing shares of foreign firms in the cluster. Hence, for policymakers, this might suggest that they might aim to encourage concentrations of foreign firms above these thresholds in a cluster.
Overall, our research suggests that estimating the various treatment effects described in this paper is a rewarding exercise as it sheds much needed light on the various mechanisms through which the proportion of foreign firms affects potential outcomes of foreign and nonforeign firms. In so doing, our paper provides important inputs into the policy debate on the benefits from inward foreign direct investment for host country firms. Table 3 Number of foreign firms and proportion of foreign (treated) firms by cluster 1. Estimated coefficients from binary logit models can be interpreted as the effects of the covariates on the log odd-ratio of foreign ownership.
2. The penultimate column gives the proportion of individually statistically significant coefficients at 10% level or lower. In all cases the coefficients are jointly statistically significant.
3. The last column gives the results from the covariate balancing test which consists of testing (at 10% level or lower) for difference in the means of the covariates in treatment and control groups, conditional on the estimated propensity score.
Appendix C: Calculating treatment effects
We investigate the existence of causal links between potential outcomes and the proportion of treated firms in a cluster. For this purpose, we treat the cluster level average potential outcomes � 1 � 0 as the "outcome" variables and the corresponding proportion of foreign-owned firms, , as the "treatment" variable.
Since we now have a continuous treatment variable rather than a binary one, we employ the causal inference approach for continuous treatments (Hirano and Imbens, 2004; Imai and van Dyk, 2004) . 18 A key result from this literature is that causal inference can be conducted by conditioning on the generalised propensity score (GPS), which is the conditional density of the treatment given some pre-treatment variables. Hence, this can be seen as an extension of the conditional independence assumption (CIA) to the case of a continuous treatment variable. Since our assumption is that of "no interaction across clusters", SUTVA holds for the cluster level analysis.
Since the treatment variable is a proportion between 0 and 1, we estimate the determinants of treatment using the fractional logit model due to Papke and Wooldridge (1996) We then estimate the expected values of each of the two potential outcomes ( � 1 and � 0 ) at cluster level conditional on � and . These expected values are unknown and can be estimated using a polynomial approximation (Hirano and Imbens, 2004) such as the following quadratic form which is often found to be adequate:
19 with sample counterpart
In Figure C1 , we plot the 95% confidence regions of the two potential outcomes The thus calculated potential outcomes for different levels of are then used to calculate the treatment effects described in equations (11) to (14).
Calculating standard errors
To illustrate how the bootstrapped standard errors are calculated, we take the example of estimating the indirect effects of FDI using the formula given in Equation (12). This estimator is defined as the change in the potential outcome of non-foreign-owned firms resulting from increasing the cluster-specific proportion of foreign firms from 0 to p ∈ {0,1}
19 Note that the parameters of such parametric approximation do not have any behavioural interpretation (Hirano and Imbens, 2004) . These are used to obtain an unbiased estimator of the population mean. 20 In our data, the proportion of foreign owned firms is less than 50% in 98% of the clusters. (ii)
* p < 0.10, ** p < 0.05, *** p < 0.01 Note: Since the treatment is continuous we divided the observations into four groups by treatment quartiles and conditional on the generalised propensity score, we tested for equality of means of each of the covariates across all quartiles (using Quartile 1 as the base group). We did not reject the null hypothesis of equality of means in any of the tests whose p-value are reported below.
Appendix D
Following the very helpful suggestion of a referee, we outline the main reasons why a simple linear model where the direct and indirect effects of FDI are estimated within a single framework is unlikely to be an adequate empirical tool.
Suppose we aim to estimate the direct and indirect effects of FDI on an outcome variable y:
In the above equation r =1. …R indexes clusters and i=1. …. N denotes firms within clusters, where for simplicity we assume each cluster has the same number of firms N.
We define d=1 if the firm is foreign owned, and 0 else. Thus the β's would capture clusterspecific direct effects of FDI. = 1 ∑ =1 is the average foreign presence in cluster r.
Thus would measure FDI spillovers to domestic firms, whereas + would identify FDI spillovers to foreign firms.
The estimation of this simple yet attractive empirical model is fraught with difficulties, however. Firstly, since there is selection at both firm and cluster level (as argued in the main body of this paper), identification would involve estimating two (generalised) propensity scores, one at firm level (say 1 ) and one at cluster level (say 2 ). However, to the best our knowledge, there is no available estimator which can deal, within a single equation, with two propensity-scores estimated at two different levels. So it would not suffice to estimate equation [D1] by inverse probability weighted regression, with treated firms getting weight of 1/p1 and non-treated firms getting weight of 1/1-p1, as we would still have ( | ) ≠ 0 rendering the resulting estimator inconsistent.
The above problem notwithstanding, the second issue associated with estimating equation
[D1] has to do with the fact that it does not, unlike the estimation approach advocated in this paper, allow for a richer counterfactual analysis. For example the relationship between y and is essentially linear restricting spillovers to be a monotonic function of foreign presence.
The third problem with the estimation of equation [D1] , especially the inclusion of the term capturing FDI spillovers to foreign firms, is a variant of the well-known reflection problem in social interaction models (see Manski, 1993) . To be more precise, foreign firm i contributes 1/N to (the FDI variable). Consequently it is conceptually difficult to isolate direct from indirect effects in this setup, again the problem of dealing with two propensity scores estimated at two different levels notwithstanding.
